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C H A P T E R  I
GINERAT INTRODUCTION
Much  a t t en t i on  has  been  focussed  on  the  h igh - tempera tu re  p rope r t i es  o f  t he
3d  t rans . i t i on -me ta l  d i i od ides  conce rn ing  the  p repa ra t i on  o f  pu re  me ta l s ,  t he
s o - c a l l e d  i o d i d e  m e t a l s .  T h e r e  a r e  s e v e r a l  t e c h n i q u e s  f o r  t h e  p r e p a r a t i o n  o f
h igh -pu r i t y  me ta l s .  One  o f  t hem,  wh i ch  da tes  f r om 1925 ,  i s  t he  "De  Boe r -Van
A r k e l "  p r o c e s s  o r  t h e  " i o d i d e ' '  p r o c e s s .  T h i s  p r o c e s s  i n v o l v e s  t h e  u s e  o f  a
sma l l  amoun t  o f  i od ine  and  c rude  ne ta l .  V ia  l . he  f o rma t i on  o f  a  vo la t i l e  me ta l
i od ide  and  i t s  t r anspo r t ,  t he  t he rma l  decompos i t i on  l eads  to  t he  pu re  me ta l  and
g a s e o u s  i o d i n e .  L a t e r  i n  t h e  f i f t i e s  t h e  " i o d i d e "  p r o c e s s  w a s  r e d i s c o v e r e d  i n
connec t i on  w i th  t he  i n te res t  f o r  pu re  me ta l s  f o r  app l i ca t i on  i n  a tom ic  ene rgy ,
m i  ss i  l  es  and  a  i  r c ra f t .
Mos t  o f  t he  know-how o f  t he  syn thes i s  and  room- tempera tu re  s t ruc tu re  o f
t h e  f i r s t - r o w  t r a n s i t i o n - m e t a l  i o d i d e s  r e s u l t s  f r o m  t h e  i n v e s t i g a t i o n s  i n  t h e
twen t i es .  The  syn thes i s  can  be  pe r fo rmed  i n  an  evacua ted  qua r t z  t ube  d i rec t l y
f rom the  e lemen ts .  Excep t  f o r  t he  d i f l uo r i des ,  wh i ch  have  the  ru t ' i l e  s t ruc tu re ,
t h e  d i h a l i d e s  o f  t h e  3 d  m e t a l s  h a v e  a  l a y e r e d  s t r u c t u r e  o f  C d ( 0 H ) ,  o r  C d C l ,
t ype .  I n  t he  Cd (0H) ,  s t ruc tu re  t he  an ions  fo rm a  hexagona l  c l ose -packed  l a t -
t i c e ;  t h e  C d C l ,  s t r u c t u r e  c o n s i s t s  o f  a  c u b i c  c l o s e  p a c k i n g  o f  t h e  a n i o n s .  T h e
ca t i ons  occupy  ha i f  o f  t he  oc tahed ra l  ho les  i n  such  a  way  tha t  t he  s t ruc tu res
cons i s t  o f  s l abs  X -M-X ,  common ly  ca . l l ed  sandw iches ;  M  s tands  fo r  t he  ca t i on
and  X  fo r  t he  ha logen  i on .  The  CdC1 ,  s t ruc tu re  can  be  desc r i bed  i n  two  ways :
rhombohedra l l y  w i t h  one  fo rmu la  un i t  CdC1 ,  o r  hexagona l l y  w i t h  t h ree  CdC l . ,
u n i t s  ( C 1 9 ) .  T h e  u n i t  c e l l  o f  t h e  C d ( 0 H ) ,  s t r u c t u r e  i s  h e x a g o n a l  w i t h  o n e  f o r -
m u l a  u n i t  ( C 6 ) .  T h e  u n i a x i a l  a x i s  i s  t h e  c - a x i s .  C o n t r a r y  t o  t h e  i n t e r a c t i o n
w i th in  a  s l ab ,  t he  i n te rac t i on  be tween  s labs  i s  weak  and  o f  Van  de r  Waa ls  t ype .
Th i s  weak  i n te rac t i on  i n  t he  c -d i rec t i on  resu ' l t s  i n  an  easy -c leavage  p lane  i n
the  c rys ta l s  pe rpend i cu la r  t o  t h i s  ax i s  and  a  re la t i ve l y  f as t  c r ys ta l  g row th
i n  t h e  a b - p 1 a n e  ( p 1 a t e 1 e t - 1 i k e  c r y s t a ' l s ) .
The  s tab i l i t y  o f  t he  Cd (0H) ,  and  CdCIZ  s t ruc tu re  i s  based  on  the  ga in  o f
po la r i za t i on  ene rgy ,  due  to  t he  asymmet r i c  oo rd ina t i on  o f  t he  l a rge  easy -po -
l a r i z a b l e  a n i o n s .  T h e  c o o r d i n a t i o n  o f  t h e  m e t a l  i s  o c t a h e d r a l ;  t h e  o c t a h e d r o n
may  be  s . l i gh t l y  compressed  o r  e longa ted  a long  the  t r i gona l  c -ax i s .
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Although the high-temperature properties of the diiodides of the 3d metals 
are in terest ing from a technological point of view, in our invest igat ions the 
peaceful low-temperature properties are emphasized. Our aim is to determine 
crystal lographic and magnetic s t ructures, and study the magnetic and opt ical 
properties of the f i r s t - row transi t ion-metal d i iodides. These properties are 
compared with those of the di chlorides and di bromides. In the l i t e ra tu re much 
at tent ion has been paid to the chlorides and somewhat less to the bromides. 
Especially the magnetic and opt ical properties of FeCl?, CoCl? and NiCl? have 
been studied extensively in great d e t a i l , and these materials can be regarded 
as two-dimensional model systems. Comparitively l i t t l e was known so far about 
the more covalent t ransi t ion-metal d i iodides. 
Many of the opt ical and magnetic properties are determined by the par t ly 
f i l l e d 3d shel ls of the transit ion-metal ion. The opt ical t rans i t ions between 
electronic d states of the metal ion are well described by octahedral wavefunc-
t ions. I t is expected that the influence of the covalency on the opt ical and 
magnetic properties of the 3d-metal halides increases strongly from the chlo-
rides to the iodides. The isot rop ic octahedral e lectronic d states are also af-
fected by magnetic in te rac t ions , which can be divided in i n t r a - and in ter layer 
in teract ions. In ter layer exchange interact ions become more important from the 
chlorides to the iodides. Exchange interact ions are not the only source of an-
isotropy in the opt ical spectra. The l a t t i c e vibrat ions of layer compounds are 
very anisotropic. Due to the c rys ta l l ine asymmetry strong dipoles are located 
on the anions; the dipolar f ie lds cause that the x,y-polar ized vibrat ions have 
a large osc i l l a t o r s t rength, whereas the z-polarized vibrat ions are very weak. 
As these vibrat ions are coupled to the electronic t rans i t i ons , the l a t t e r ex-
h i b i t a polarized behaviour. 
In order to dist inguish between cooperative effects and s ingle- ion con t r i -
butions in the absorption spectra, the 3d transi t ion-metal ions have been d i l u t -
ed in diamagnetic host l a t t i ces . Suitable host crystals are those of Cdl? and 
Pb l „ , which both have the Cd(0H)? s t ructure. Single-ion anisotropies have been 
studied with electron paramagnetic resonance. A fur ther advantage of these so l -
id solutions is the reduction of the in tens i ty of allowed charge-transfer t ran-
s i t ions in the spectra of the d i lu te systems, which makes a study of more d-d 
t rans i t ions possible. I f the transi t ion-metal ion concentration is very smal l , 
the charge-transfer t rans i t ions can be studied. Due to the mass subst i tu t ion 
and modif icat ion of force constants, in teres t ing vibronic side bands may appear 
in the spectra of the doped compounds, which are absent in the pure compounds. 
So far three dissertat ions about the physical and chemical properties of 
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the transi t ion-metal diiodides appeared [1 -3 ] . The f i r s t thesis deals with the 
magnetic suscept ib i l i t i es and magnetizations of V I „ , Mnl~ and Fel ? . Also the 
d-d t rans i t ions in the v is ib le and near- infrared wavelength region were exam-
ined. The second reported the results of EPR and absorption-spectroscopic stu-
dies of 3d ions subst i tuted in Cdl~ and Pbl„ . Furthermore, the anisotropy of 
l a t t i c e vibrat ions of layered compounds was explained theore t ica l l y . The th i rd 
thesis concerned the magneto-optical investigations of the d-d t ransi t ions of 
some pure and di luted transit ion-metal di iodides. I t was shown that magnetic 
c i r cu la r dichroism and Zeeman measurements gave very useful addit ional informa-
t i o n , not only to the absorption spectra but also to magnetic measurements and 
neutron d i f f r a c t i o n . 
In th is thesis we discuss the results of spectroscopic, magnetic and 
st ructura l invest igat ions on V I ? , N i l ? and CoI? , and on some n icke l - and co-
balt-doped systems. In Chapter I I we deal with the magnetic suscep t ib i l i t i es 
of N i l „ and CoI«. The compounds order ant i ferromagnetical ly; the observed mag-
net ic anisotropies are discussed. N i l „ undergoes a structural phase t rans i t ion 
below the magnetic-ordering temperature; the phase t rans i t ion was examined with 
X-ray d i f f r a c t i o n . Neutron-di f f ract ion experiments show that N i l ? and CoI? or-
der in he l i x -1 type magnetic structures. The s t a b i l i t i e s of the structures are 
discussed in terms of several exchange in teract ions. 
In Chapter I I I the magnetic structures and suscep t ib i l i t i es of VI„ are i n -
terpreted in terms of short- and long-range exchange interact ions. The results 
agree with MCD measurements and Mössbauer spectra of V I ? . 
In Chapter IV the measured fa r - in f ra red active modes E and A2 of NiL· 
and CoI? are discussed in terms of the polar izable- ion model. The strong aniso-
tropy between the osc i l l a to r strengths of the E and A„ vibrations is explain-
ed by the presence of s ta t i c dipoles on the iodine ions, which arise because of 
the asymmetric coordination of these ions. 
In Chapter V we report the absorption spectra of N i l - and CoI? ; the spec-
t ra are interpreted in terms of c rys ta l l ine f i e l d , electron repulsion and spin-
o rb i t coupling. The l a t t e r gives r ise to two parameters, because of the large 
contr ibut ion of the sp in-orb i t coupling of the l igand ρ o rb i ta ls of iodine ions. 
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F ina l l y , in Chapter VI the vibronic f ine structures of the A0„ -*- E„ elec-
2+ 2+ 2g g 
t ron ie t rans i t ion in CdI„:Ni and PbI„:Ni , and of simi lar t ransi t ions in 
CdI?:Co are discussed. The f ine structures are related to the phonon density 
of states of the host c rys ta l . The theory for th is vibronic coupling of the 
electronic t rans i t ion with the l a t t i c e vibrat ions of the host l a t t i c e is pre­
sented. The coupling of the electronic state to a local ized vibrat ion is shown 
3 
to be anisotropic in layered compounds. The local amplitudes of the t r ans i t i on -
metal and iodine ions are decomposed in the l a t t i c e vibrat ions wi th in the 
B r i l l ou i n Zone of Cdl„ and Pbl„ . The experimental data obtained from the o p t i -
cal spectra, are used to estimate the dispersion of the v ibrat ional branches 
in the B r i l l o u i n Zone of Cdl„. 
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